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57 ABSTRACT

At least one dummy storage node 1s formed for a plurality
of storage nodes provided in stack type memory cells 1n
which a plate electrode 1s grounded through the at least one
dummy storage node, thereby charges flowed into the plate
clectrode being discharged, when dry etching 1s performed
by using charged particles, thus preventing electrical stress
from acting on a capacitor dielectric film provided between
the storage nodes and the plate electrode.

27 Claims, 9 Drawing Sheets
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SEMICONDUCTOR MEMORY DEVICE
HAVING STACK-TYPE MEMORY CELLS
AND A METHOD FOR MANUFACTURING
THE SAME

BACKGROUND OF THE INVENTION

The present 1nvention relates to a semiconductor memory
device having stack type memory cells.

In a conventional semiconductor memory device having
stack type memory cells, a dielectric film 1s formed between
storage nodes and plate electrodes to form memory cell
capacitors.

FIG. 15 shows a part of the structures of conventional
stack type memory cells. Referring to FIG. 15, a plate
clectrode 143 1s formed above storage nodes 141, with a
dielectric film 142 interposed between the plate electrode
143 and the storage nodes 141. After these elements are
formed by a manufacturing process such as spin coating,
sputtering or CVD (chemical vapor deposition), the plate
clectrode 143 1s covered by a resist 144, and then 1is
processed by a dry-etching technique such as RIE (reactive
ion etching) or CDE (chemical dry etching) using charged
particles 145, 1n order for the plate electrode 143 and the
dielectric film 142 to have predetermined shapes.

The dry etching technique uses the charged particles 145
accelerated due to an electric field, and makes the charged
particles 145 directly collide with the plate electrode 143. In
the etching, the plate electrode 143, as shown 1n FIG. 16, 1s
ctched from 1ts surface to a predetermined depth. Since the
plate electrode 143 1s electrically floated, 1t 1s charged up
during the etching process. In other words, charges are
accumulated 1n the plate electrode 143.

The accumulated charges move within the plate electrode
143 smce the plate electrode 143 1s formed of a conductive
material. Consequently, electrical stress or a high voltage
acts on the entire diclectric film 142, regardless of the
distance from the processed (dry-etched) portion of the plate
clectrode 143. Therefore, there 1s a case where discharge as
represented by reference numeral 146 occurs 1n the dielec-
tric film 142, and damages it.

Furthermore, after processing the plate electrode 143 by
the dry etching technique, an interlayer insulating film 147
formed of, e.g., S10, 1s provided on the plate electrode 143
as shown 1n FIG. 17. Provision of the interlayer insulating
f1lm 147 1s intended for formation of a contact. To be more
specific, a contact hole 148 i1s formed 1n the interlayer
insulating film 147, 1in order to connect a voltage generating
circuit (not shown) and the plate electrode 143. Due to this
structure, a given potential can be applied to the plate
clectrode 143 when the semiconductor memory device 1s
operated.

The contact hole 148 1s formed by the dry etching
technique 1n the same manner as the plate electrode 143
shown 1n FIG. 16. In this case, the contact resistance 1s high
if a part of the interlayer mnsulating film 147 1s remained 1n
the bottom of the contact hole as shown in FIG. 17.
Therefore, etching must be sufficiently performed. To be
more specific, dry etching 1s not stopped even after the
contact hole 148 reaches the plate electrode 143. In other
words, etching 1s performed until the plate electrode 143 1s
shallowly cut, 1.€., over-etching 1s performed.

At this time also, the plate electrode 143 1s charged up, as
a result of which the dielectric film 142 1s damaged.

Furthermore, after the contact hole 148 1s formed above
the plate electrode 143, it 1s filled with a conductive material,

10

15

20

25

30

35

40

45

50

55

60

65

2

thereby forming a contact (not shown). Then, an upper
wiring layer 1s also processed by dry etching after it 1s
formed 1 such a manner a way to be connected to the
contact. In this case also, the plate electrode 143 1s charged
up due to the charge passing through conductive members
such as the wiring layer and the contact, and thus the
dielectric film 142 of capacitors 1s damaged.

The memory device can be made smaller and operate at
a higher speed, if the dielectric film 142 1s formed of a
material having a high dielectric constant and formed to
have a small thickness. However, this cannot be achieved 1n
the above conventional memory device due to the above-
mentioned charge up problem.

Therefore, the present invention has been made 1n con-
sideration of the above circumstances, and 1ts object 1s to
provide a semiconductor memory device which 1s made
smaller and operates at a higher speed due to the following
feature:

The plate electrode of cell capacitors 1s prevented from
being charged during the dry etching process, thus prevent-
ing damage of the memory device.

By virtue of this feature, the yield and the reliability are
improved, and a dielectric film 1s made thinner, by using a
plurality of dielectric materials having high dielectric con-
stant.

BRIEF SUMMARY OF THE INVENTION

In the semiconductor memory device having stack cell
capacitors according to the present invention, a plate elec-
trode 1s electrically connected to a grounded substrate 1n
order to prevent the cell capacitors from being applied with
clectrical stress, when the plate electrodes and wiring layers
connected to and formed above the plate electrodes are
processed by dry etching using charged particles.

The semiconductor memory device according to one
aspect of the present invention comprises:

a semiconductor substrate;

a plurality of storage nodes provided in memory cells,
respectively, and formed above the semiconductor substrate;

at least one dummy storage node formed together with the
plurality of storage nodes and electrically connected to the
semiconductor substrate;

a dielectric film formed on the plurality of the plurality of
storage nodes, except for the at least one dummy storage
node; and

a plate electrode formed on the plurality of storage nodes,
with the dielectric film mterposed between the plate elec-
trode and the plurality of storage nodes, the plate electrode
being electrically connected to the at least one dummy
storage node.

Furthermore, the method of the present invention, for
manufacturing a semiconductor memory device, comprising
the steps of:

forming a plurality of storage nodes in memory cells such
that the plurality of storage nodes are located above a
semiconductor substrate;

forming at least one dummy storage node electrically
connected to the semiconductor substrate;

forming a dielectric film on the plurality of storage nodes,
except for the at least one dummy storage node; and

forming a plate electrode on the plurality of storage nodes,
with the dielectric film interposed between the plate elec-
trode and the plurality of storage nodes, the plate electrode
being electrically connected to the at least one dummy
storage node.
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According to the present invention, the aforementioned
clectrical stress can be prevented from being applied to the
dielectric film due to the above features, thus preventing
degrading of the dielectric film of the cell capacitors.
Accordingly, the present invention can provide a semicon-
ductor device and a method for manufacturing the same,
wherein the service life 1s long, the reliability 1s improved,
the dielectric film 1s made thinner, and a new material
thereof can be used which cannot be used 1n the conven-
fional memory device.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinaf-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the invention, and together with

the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to

explain the principles of the invention.

FIG. 1 1s a cross-sectional view showing the part of a
semiconductor memory device according to the first
embodiment of the present invention, which has been sub-
jected to the processing of some of the manufacturing steps.

FIG. 2 1s a cross-sectional view showing the part of the
semiconductor memory device which has been subjected to
the processing of a step subsequent to the step of FIG. 1.

FIG. 3 1s a cross-sectional view showing the part of the
semiconductor memory device which has been subjected to
the processing of a step subsequent to the step of FIG. 2.

FIG. 4 1s a cross-sectional view showing the part of the
semiconductor memory device which has been subjected to
the processing for forming a plate electrode, which 1s the
processing of a step subsequent to the step of FIG. 3.

FIG. 5 1s a cross-sectional view showing the part of the
semiconductor memory device which has been subjected to
the processing for performing dry etching which 1s the
processing of a step subsequent to the step of FIG. 4.

FIG. 6 1s a cross-sectional view showing the part of a
semiconductor memory device according to the second
embodiment, which has been subjected to the processing of
some of the manufacturing steps.

FIG. 7 1s a cross-sectional view showing the part of a
semiconductor memory device according to the third
embodiment, which has been subjected to the processing of
a manufacturing step.

FIG. 8 1s a cross-sectional view showing the part of a
semiconductor memory device according to the fourth
embodiment, which has a plate electrode provided with a
fuse.

FIG. 9 1s a plan view of the part shown in FIG. 8.

FIG. 10 1s a plan view showing arrangement of plate
clectrodes 1n one DRAM chip formed according to the
present mvention.

FIG. 11 1s a plan view showing DRAM chips formed in
a silicon wafer, according to the present invention.

FIG. 12 1s a cross-sectional view for illustrating an
exemplary method of connecting a plate electrode and a
plate potential generating circuit.
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FIG. 13 1s a cross-sectional view for 1llustrating another
exemplary method of connecting the plate electrode and the
plate potential generating circuit.

FIG. 14 1s a further exemplary method of connecting the
plate electrode and the plate potential generating circuit.

FIG. 15 1s a cross-sectional view showing the part of
conventional stack type memory cells subjected to the
processing of a manufacturing step.

FIG. 16 1s a cross-sectional view showing the part of the
conventional stack type memory cells subjected to the

processing of a manufacturing step subsequent to the step of
FIG. 15.

FIG. 17 1s a cross-sectional view showing the part of the
conventional stack type memory cells subjected to the
processing of a manufacturing step subsequent to the step of

FIG. 16.

FIG. 18 1s a cross-sectional view showing the part of the
conventional stack type memory cells subjected to the

processing of the final stage of the manufacturing step of
FI1G. 17.

DETAILED DESCRIPTION OF THE
INVENTION

The semiconductor memory device according to the first
embodiment of the present invention will be explained with
reference to FIGS. 1 to 4 each of which shows the part of the
memory device 1n different manufacturing steps, respec-
fively.

Referring to FIG. 1, a p-type well 11 1s formed on an
n-type silicon substrate 10, and two n*-type diffusion layers
13a and 13b are formed in a surface of the p-type well 11 1n
order to form a transfer gate element 12.

An n*-type diffusion layer 14 1s formed outside the p-type
well 11 at the same time as the diffusion layers 13a and 135
are formed. A word line 16, which serves as a gate electrode
of the transfer gate element 12, 1s formed on the surface of
the p-type well 11 by a photolithography method, with a gate
insulating film 15 interposed between the word line 16 and
the p-type well 11. The word line 16 1s covered by an
interlayer isulating film 17a.

The mterlayer insulating film 17a has a contact hole 18
reaching the n™-type diffusion layer 13a. The contact hole 18
1s filled with a conductive material such as silicon, tungsten
and aluminum, thereby forming a contact 18C 1n the contact
hole 18. On the interlayer insulating film 174, a bit line 19
1s formed using a photolithography method.

An 1terlayer msulating film 175 1s formed on the bit line
19, and a storage node hole 20 1s formed 1n the interlayer
insulating film 175, and extends to the n™-type diffusion
layer 13b. The storage node hole 20 1s filled with the same
conductive material as the contact hole 18, forming a contact
20C 1n the storage node hole 20. Thereatfter, by a photoli-
thography method, a storage node 21 i1s formed on the
interlayer insulating film 175 such that it 1s connected to the
contact 20C.

In the same manner as the storage node hole 20 1s formed,
a dummy contact hole 22 1s formed to have the same shape
as the storage node hole 20, in a position above the n*-type
diffusion layer 14 which as mentioned above, i1s located
outside the p-type well 11. A conductive material such as a
metal or polycrystalline silicon 1s filled mnto the dummy
contact hole 22 to form a contact 22C, and then a dummy
terminal 23 1s formed and connected to the contact 22C.

Actually, as shown 1n FIG. 2, a plurality of storage nodes
21 each formed in the above manner are densely arranged.
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A capacitor dielectric film 24 of a high dielectric constant 1s
formed on the storage nodes 21 and the dummy terminal 23,
and a resist 25 1s formed on the capacitor dielectric film 24,
as shown 1n FIG. 2. In the structure shown 1mn FIG. 1, 1n
ogeneral, the storage node hole 20 and the dummy contact
hole 22 are filled with the same conductive material as the
contact hole 18. However, needless to say, those holes may
be filled with different conductive materials.

In a later manufacturing step, the dielectric film 24 1s
patterned using the resist 25 as a mask such that the
dielectric film 24 has a predetermined pattern. However,
before this step, the following steps are carried out:

That portion of the dielectric film 24 which 1s located
above the dummy terminal 23 1s removed by a dry etching
technique using charged particles 26, such as RIE or CDE,
thereby exposing the dummy terminal 23, as shown 1n FIG.
3. In this case, the charged particles 26 are not accumulated
in the dielectric film 24 since the dielectric film 24 is not
conductive.

Thereatfter, the resist 25 1s removed to expose the dielec-
tric ilm 24, and as shown 1n FIG. 4, a plate electrode 27 of
a metal 1s formed on the dielectric film 24 and the dummy
terminal 23.

As may be understood from the above, in the first
embodiment, the plate electrode 27 1s ohmic-connected to
the n-type substrate 10, which i1s grounded, by the diffusion
layer 14, and thus the plate electrode 27 1s grounded, with
the dummy terminal 23 and the contact 22C interposed
between the plate electrode 27 and the diffusion layer 14.
Grounding of the n-type substrate 10 1s performed while the
semiconductor memory device, 1.€., the DRAM 1s being
manufactured. For example, 1t can be achieved by grounding
that metal base on the manufacturing line of the DRAM, on
which the substrate 10 1s to be put.

Referring to FIG. 1, the storage node 21 1s connected to
the diffusion layer 135 which functions as the source or drain
of a MOSFET, 1.e., the transfer gate device 12. Generally,
the transfer gate device 12 1s formed within the p-type well
11, and 1s not directly electrically connected to the substrate

10.

Therefore, the dummy terminal 23, which as explamed
above has the same shape as the storage node 21, 1s provided
outside the p-type well 11 such that it 1s directly electrically
connected to the substrate 10. As 1n the structure shown 1n
FIG. 1, 1 the case where an n-type MOSFET 1s formed as
the transfer gate device 12 1n the p-type well 11 formed 1n
the n-type substrate 10, the dummy terminal 23 uses the
n"-type diffusion layer 14 which is of the same conductive
type as the n-type substrate 10, in order for the dummy
terminal 23 to be electrically ohmic-connected to the n-type
substrate 10. Accordingly, the dummy terminal 23 can be
formed at the same time and i1n the same process as the
storage node 21.

Therefore, provision of the dummy terminal 23 does not
increase the number of manufacturing steps.

Furthermore, after the plate electrode 27 1s grounded
using the dummy electrode 23 and the contact 22C, an
interlayer msulating film 30 formed of, e.g., S10, 1s pro-
vided on the plate electrode 27, and the resist 31 1s provided
on the interlayer insulating film 30, as shown 1 FIG. 5.

Then, the plate electrode 27 i1s connected to a voltage
generating circuit which will be described later, in order to
orve a speciiic potential to the plate electrode 27 when the
DRAM 1s operated. To achieve this connection, a contact
hole 32 1s formed 1n the interlayer insulating film 30 formed
on the plate electrode 27.
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To be more specific, when the contact hole 32 1s formed,
the surface of the plate electrode 27 1s also subjected to
dry-etching processing using the charged particles 33. At
this time, a large amount of charge flows into the plate
clectrode 27. However, the charge does not damage the
dielectric film 24 since the plate electrode 27 1s connected to
a ground through the dummy electrode 23 and the contact

22C.

Furthermore, after the contact hole 32 1s formed above the
plate electrode 27, a conductive material 1s filled mto the
contact hole 32 to form a contact therein, and then an upper
wiring layer 1s formed and connected to the contact. In
addition, there 1s a case where the upper wiring layer 1s
processed by using dry etching. In this case also, charge
flows 1nto the plate electrode 27 through the wiring layer and
the contact which are conductive. However, 1t does not
damage the dielectric film 24 included in the capacitors
since the charges flowed into the plate electrode 27 1is
discharged.

In such a manner, according to the first embodiment,
charge 1s prevented from being accumulated. Thus, the
dielectric film 24 can be formed of a material having a high
dielectric constant, and have a smaller thickness than that of
the conventional semiconductor memory device, as a result
of which the DRAM 1s made smaller, and can operate at a
higher speed.

In the first embodiment shown 1n FIGS. 1 to §, the plate
clectrode 27, as explamed above, 1s connected to the sub-
strate 10, with the dummy terminal 23 and the contact 22C
interposed between the plate electrode 27 and the substrate
10. This connection 1s maintained also after the semicon-
ductor memory device has completely been manufactured.
However, this 1s applied to the case where the plate electrode
27 and the substrate 10 are used at the same potential when
the device 1s operated.

Furthermore, 1n the structure shown in FIG. 1, an n-type
well 117, as shown 1n a broken line, may be further formed
within the p-type well 11. In this case, the conductive type
of the diffusion layers 13a and 13b are changed from n™ to
P

In addition, the device of the first embodiment uses the
n”-type diffusion layer 14 provided in the n-type substrate 10
in order to connect the plate electrode 27 and the substrate
10. In this case, the conductive types of the substrate 10, the
well 11, and the transfer gate device 12 may be reversed.
This example 1s shown as the second embodiment in FIG. 6.
Accordingly, the semiconductor memory device (DRAM) of
the second embodiment will be explained with reference to
FIG. 6 which shows the part of the device.

In the structure shown 1n FIG. 6, a p™-type diffusion layer
44 1s formed 1n a p-type substrate 40, and a dummy electrode
53 and a contact 52 are ohmic-connected to the p-type
substrate 40, achieving grounding. The structure of 1n FIG.
6 1s the same as that of FIG. 1, except for the conductive
types of structural elements. To be more specific, 1n the
structure of FIG. 6, p*-type diffusion layers 43a and 43b are
formed within the n-type well 41 formed in the p-type
substrate 40, and respectively serve as the source and drain
of the transfer gate device 42. Between the p™-type diffusion
layers 43a and 43b, a word line 46 serving as the gate 1s
formed, with a gate oxide film 45 interposed between the
word line 46 and the p™-type diffusion layers 43a and 43b.
The p™-type diffusion layer 43a is connected to a bit line 49
by a contact 48 formed 1n an interlayer insulating film 47a.

Furthermore, 1n the structure of FIG. 6, contacts 50 and 52
are formed 1n the interlayer msulating films 47a and 47b,
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and a storage node 51 and the dummy electrode 33 are
formed and connected to ends of the contacts 50 and 52,
respectively. Thereafter, a plate electrode (not shown) is
formed and connected to the dummy terminal 53 as in the
structure of FIG. 5. As a result, electrical stress 1s prevented
from acting on a capacitor dielectric film formed between
the plate electrode and the storage node, even if charged
particles flow into the plate electrode 1 a manufacturing
step using dry etching.

In the structure of FIG. §, 1n the case where the dummy
clectrode 23 and the plate electrode 27 are formed of the
same conductive material, they are connected to each other
to have a low connection resistance. This connection 1s
advantageous with respect to electrical conductivity.

On the other hand, in the case where the dummy electrode
23 and the plate electrode 27 are formed of different
materials, there 1s a case where a corrosion generates due to
an electrochemical reaction at the contact portion between
the dummy electrode 23 and the plate electrode 27.
Therefore, the contact portion needs barrier metal. In this
case, with the structure of FIG. 3, the dielectric film 24 1s
dry-etched, and then barrier metal (not shown) 1s formed on
the dummy electrode 23, with a remaining resist 25 used as
a mask. Then, the resist 25 1s removed, as a result of which
the barrier metal 1s formed only on the dummy electrode 23.

Furthermore, 1n the structure shown 1n FIG. 6, 1f an n-type
diffusion layer (not shown) is formed instead of the p™-type
diffusion layer 44, pn junction 1s provided between the
n-type diffusion layer and the p-type substrate. The conduc-
fivity of the pn junction is reverse to the current flowing
from the dummy electrode 53 to the substrate 40.
Accordingly, the pn junction effectively functions for an
operating Voltage which 1s applied after the semiconductor
memory device 1s manufactured. However, the pn junction
casily effects electric conduction when a hlgh voltage due to
charged particles for use 1 1on etching 1s applied, thus
permitting charge to move through the pn junction.

In such a manner, even if the p™-type diffusion layer 44 1s
not provided, the same effect can be obtained as 1n the above
pn junction, based on a similar concept, by providing metal
(c.g., aluminum Al, platinum Pt and gold Au are used for
p-type silicon and aluminum Al, platinum Pt, tungsten W
and gold Au are used for n-type silicon), which can achieve
Schottky junction between the contact 52 and the substrate
40, provided therebetween, or by filling the metal into the
contact 52.

Moreover, the structure of FIG. 6 may be provided as
follows: a p-type well (not shown) is further provided in the
n-type well 41, and a transfer gate 1s formed in the p-type
well. This example 1s shown as the third embodiment 1n FIG.
7. The structure shown 1 FIG. 7 1s the same as that of FIG.
6, apart from that a transfer gate device 42 1s formed 1n a
double diffusion well 61 provided above the p-type substrate
40. Accordingly, 1n the structure of FIG. 7, structural ele-
ments identical to that of FIG. 6 will be denoted by the same
reference numerals, and their detailed explanations will be
omitted. The p+ type layer 44 may be formed 1n the same
step when p+ type diffusion layers (not shown) for MOS-
FETs are formed. Accordingly, the formation of the p+ type
layer 44 does not increase the number of the manufacturing
steps.

In the structure of FIG. 7, needless to say, the conductive
type of each of the conductive-type structural elements may
be switched from p to n or vice versa. After the DRAM 1s
manufactured, a predetermined potential 1s applied to the
plate electrode 27 at an operating time at which the semi-
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conductor memory device operates. In this method, the
potential can be applied from the wiring layer provided
above the plate electrode 27 to the plate electrode 27, or it
can be applied from the substrate 10 to the plate electrode
27, since the plate electrode 27 1s connected to the substrate

40).

In the structure of FIG. 5, after the DRAM 1s
manufactured, the connection of the substrate 10 and plate
clectrode 27 may be maintained i1n the case where the
substrate 10 and the plate electrode 27 are used at the same
potenftial at the operating time. However, the substrate 10
and the plate electrode 27 must be electrically separated
from each other on shipment 1n the case where they are used
at different potentials at the operating time.

More specifically, in the case where a MOS FET Sewing
as a transfer gate device 1s directly formed on the semicon-
ductor substrate, a back gate Vo,tage 1s applied to the
MOSFET, and thus a potential differing 1n level from the
potential of the plate electrode needs to be applied to the
semiconductor substrate. To achieve this, the semiconductor
substrate must be electrically separated from the plate elec-
trode. In order to do so, the following method 1s provided:
a path for grounding the plate electrode 1s connected to the
semiconductor substrate through a fuse during the manufac-
turing process, and the fuse 1s cut after the process 1is
completed. This method will be explained 1 detail as
follows:

FIGS. 8 and 9 show the fourth embodiment of the present
invention, which uses a fuse as cutting means. In the fourth
embodiment, an elongated connection portion 1s formed as
a fuse 69 between a plate electrode 67 provided opposite to
storage nodes 61 via a dielectric film 64 and a ground
clectrode portion 68 connected to a dummy terminal 63. In
this case, the same steps are carried out as in the first
embodiment shown 1n FIGS. 2 and 5, thereby forming the
plate electrode 67, the ground electrode portion 68, and the
fuse 69 1n the above arrangement pattern.

The fourth embodiment 1s the same as the first
embodiment, apart from that the entire plate electrode
portion, as shown 1 FIGS. 8 and 9, comprises the plate
clectrode 67 opposite to the storage nodes 61, the ground
clectrode portion 68 connected to the dummy terminal 63
having the same shape as the storage node 61, and the fuse
69 provided between the portion 67 and the ground electrode
portion 68.

According to a method, a laser 1s used to cut the fuse 69,
after the DRAM 1s manufactured. In this method, a window
66 for the laser blow 1s provided above the fuse 69.
Provision of the window 66 does not increase the number of
manufacturing steps for the following reason: the window
66 1s formed 1n that portion of an msulating film 30 which
1s located above the fuse 69, and thus 1t can be formed 1n the
same step as the contact hole 32 formed 1n the insulating film
30, for use 1n applying a potential to the plate electrode 27
shown 1n FIG. 5. In addition, a current fuse or the like which
1s cut by electric current can be used instead of the method
using the laser blow.

Furthermore, 1n the fourth embodiment, the fuse 1s pro-
vided 1 the wiring layer serving as the plate electrode.

However, 1t may be done 1n any of the wiring layers serving
as the word line, the bit line and the storage nodes.

With respect to all the first to fourth embodiments, the
above explanations are made by referring to one plate
clectrode and a plurality of stack type memory cells under
the plate electrode. However, 1n fact, one DRAM chip has a
plurality of plate electrodes, and a plurality of memory cells
are formed under each of the plate electrodes.
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The manner of connecting the plate electrodes varies in
accordance with the purpose of use of the DRAM as follows:

1. In the first case, the plate electrodes are not connected
to each other. In this case, each of the plate electrodes
requires a ground electrode connected to the dummy

clectrode, and further a fuse for use 1n cutting each
plate electrode and the associated ground electrode. In
addition, each plate electrode needs to be connected to
a corresponding plate potential generation circuit, 1n
order to keep the potential of each plate electrode at a
predetermined level.

2. Second, the plate electrodes are connected to each other
within the DRAM chip. In this case, as shown 1n FIG.
10, one dummy electrode, 1.€., one ground electrode 78
and one fuse 79 are provided for all plate electrodes
77-11, 77-12 . . . 77-mn arranged 1n a matrix in the
DRAM chip 71. However, needless to say, a plurality
of ground electrodes 78 and a plurality of fuses 79 may
be provided 1n order to increase the reliability of the
DRAM. Furthermore, the number of plate potential
(V,;) generating circuits 80 required for this second
case 1s only one.

Referring to FIG. 10, the plate potential (V ;) generating
circuit 80 1s formed 1n an upper left region of the DRAM
chip 71 as viewed from above. However, the position of the
plate potential (Vp;) generating circuit 80 can be freely
determined when the DRAM 1s designed.

The plate potential (V,,) generating circuit 80 can be
connected to the plate electrodes 77-11, 77-12 . . . 77-mn
through the wiring layer provided above or under the plate
clectrodes. For example, as shown in FIG. 12, a wiring layer
91A 1s formed above the plate electrode 27, with an inter-
layer msulating film 30 interposed between the wiring layer
91A and the plate electrode 27, and can be connected to the
plate potential (V,,) generating circuit 80 via the wiring
layer 91A. The plate electrode 27 1s connected to the wiring
layer 91A by a contact 90A formed 1n the interlayer 1nsu-
lating film 30.

In the example shown 1n FIG. 13, the plate electrode 27
is connected to the plate potential (V,,) generating circuit
80 by a contact 90B and a wiring layer 91B formed 1 the
same layer as a bit line 19.

Furthermore, 1n the example shown in FIG. 14, the plate
electrode 27 is connected to an n™-type diffusion layer 944
of an output gate device 93 of the plate potential (Vp;)
ogenerating circuit 80. The circuit 80 1s formed 1n a p-type
well 11 1n which the transfer gate device 12 of the memory
cell 1s formed. However, needless to say, 1t may be formed
in another well 1n which the transfer gate device 12 is not
formed.

In addition, the wiring layer formed above the plate
electrodes can be applied for connecting the plate electrodes
commonly. In this case, fuses need to be provided for the
plate electrodes, respectively.

Alternatively, a layer including the plate electrodes or a
wiring layer formed under the layer can be used to connect
the plate electrodes, commonly. In this case, only one fuse
may be provided for all the plate electrodes.

Furthermore, 1n the structure shown in FIG. 10, the fuse
79 1s formed within a DRAM chip 71. However, a step of
cutting the fuse 79 can be omitted for the following reason:

In general, a plurality of DRAM chips are formed 1n a
silicon wafer at the same time, and finally cut from each
other along dicing lines on the silicon wafer, thereby pro-
viding DRAMSs as finished products. Therefore, fuses can
also be cut when the DRAM chips are cut, if they are formed
outside the chips and arranged inside the dicing lines. This
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method, as mentioned above, does not need the step of
cutting the fuses. An example of the method is 1llustrated in
FIG. 11, and thus will be explained with reference thereto.

In the last manufacturing step, a plurality of DRAM chips

formed in a silicon wafer (FIG. 11 shows only three DRAM
chips 81A, 81B and 81C) are cut from each other along
perpendicular dicing lines X and y which have widths Dx and
Dy, respectively. As a result, in the example of FIG. 11, fuses
89A, 89B and 89C and ground electrodes 88A, 88B and 88C
for use 1n contacting the plate electrodes 87A, 878, . . ., and
the semiconductor substrate are cut off from the DRAM chip
81A, for example. This 1s because the fuses 89A, 89B and
89C and the ground eclectrodes 88A, 88B and 88C are
located within the dicing lines x and y having the widths Dx
and Dy.

In the example of FIG. 11, the ground electrodes 88A,
88B and 88C and the fuses 89A, 89B and 89C are specifi-
cally shaped. However, the fuses 89A, 89B and 89C do not
need to be so. In other words, they have only to form
ordinary wiring layers, because thee fuses are not subjected
to a fusing step using a laser or current but to a dicing step.

Furthermore, according to the above explanations of the
embodiments, the dummy electrode 1s formed 1n the same
wiring layer as the storage nodes, and the plate electrode 1s
connected to the semiconductor substrate by the contact
formed 1n the interlayer insulating film, and thus 1s grounded
through the dummy electrode and the contact.

However, 1t 1s not necessary to ground the plate electrode
through the contact, 1f the following method 1s adopted:
when the dummy electrode 1s formed 1n the manufacturing
process, a part of the dummy electrode 1s extended to the
outside of that peripheral portion of the wafer at which the
dielectric film 1s not formed, and the dummy electrode is
orounded outside the peripheral portion of the waler via
orounding portion provided on the wafer conveying belt, for
example. Accordingly, as stated above, it 1s unnecessary to
oround the semiconductor substrate through the contact.

As explamned 1n detail above, according to the present
invention, degrading of the capacitors of the stack cells 1s
avolded, the yield 1s improved, and the leakage current
caused by high voltage stress 1s reduced, thus improving the
charge holding characteristics of the memory cells.
Furthermore, the present invention enables use of cell
capacitors having a dielectric layer of a small thickness
which cannot be used 1n conventional semiconductor
memory devices. Thus, the present invention can provide a
semiconductor memory device which has a smaller size, and
can operate at a higher speed. In addition, 1n the dynamic
type semiconductor memory device of the present invention,
and the method thereof for manufacturing the device, each
of capacitors 1s formed of new material which cannot be
used 1n the conventional plate electrode-processing since it
causes a structural element to be electrically damaged and
degraded.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the mnvention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor memory device comprising:

a semiconductor substrate;

a plurality of storage nodes provided in a memory cell,
and formed on the semiconductor substrate;
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at least one dummy storage node formed together with the
plurality of storage nodes, said at least one dummy
storage node being electrically connected to the semi-
conductor substrate;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node; and

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes, the plate
clectrode being electrically connected to said at least
one dummy storage node.

2. The semiconductor memory device according to claim
1, wherein said at least one dummy storage node 1s electri-
cally connected to the semiconductor substrate by at least
one contact which 1s ohmic-connected to the semiconductor
substrate.

3. The semiconductor memory device according to claim
1, wherein said at least one dummy storage node 1s electri-
cally connected to the semiconductor substrate by at least
one metal contact which forms a Schottky junction with the
semiconductor substrate.

4. The semiconductor memory device according to claim
1, wherein said at least one dummy storage node 1s electri-
cally connected to the semiconductor substrate by at least
one metal contact which is directly connected to the semi-
conductor substrate.

5. The semiconductor memory device according to claim
1, wherein said at least one dummy storage node 1s electri-
cally connected to the semiconductor substrate by at least
one polycrystalline semiconductor contact directly con-
nected to the semiconductor substrate.

6. A semiconductor memory device comprising:

an n-type semiconductor substrate;

a p-type well formed 1n the n-type semiconductor sub-
strate;

a plurality of first n-type regions formed in the p-type
well;

a plurality of storage nodes provided in memory cells,
respectively, and electrically connected to the first
n-type regions;

at least one second n-type region formed in the n-type
semiconductor substrate;

at least one dummy storage node electrically connected to
said at least one second n-type region such that said at
least one dummy storage node 1s together with the
plurality of storage nodes;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node; and

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes, the plate
clectrode being electrically connected to said at least
one dummy storage node.

7. A semiconductor memory device comprising:

a p-type semiconductor substrate;

an n-type well formed 1n the p-type semiconductor sub-
strate;

a plurality of first p-type regions formed 1n a surface of the
n-type well;

a plurality of storage nodes provided in memory cells,
respectively, and electrically connected to the first
p-type regions;

at least one second p-type region formed 1n a surface of
the p-type semiconductor substrate;
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at least one dummy storage node electrically connected to
said at least one second p-type region such that said at
least one dummy storage node 1s located together with
the plurality of storage nodes;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node; and

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes, the plate
clectrode being electrically connected to said at least
one dummy storage node.

8. The semiconductor memory device according to claim

7, wherein said at least one dummy storage node 1s electri-

cally connected to the p-type semiconductor substrate by a
contact which 1s ohmic-connected to the p-type semicon-
ductor substrate, with the at least one second p-type region
interposed between said contact and the p-type semiconduc-
tor substrate.

9. The semiconductor memory device according to claim
7, wherein said at least one dummy storage node 1s electri-
cally connected to the p-type semiconductor substrate by a
metal contact forming a Schottky junction with the p-type
semiconductor substrate.

10. The semiconductor memory device according to claim
7, wherein said at least one dummy storage node 1s electri-
cally connected to the p-type semiconductor substrate by a
metal contact which 1s directly connected to the p-type
semiconductor substrate.

11. The semiconductor memory device according to claim
7, wherein said at least one dummy storage node 1s electri-
cally connected to the p-type semiconductor substrate by a
polycrystalline semiconductor contact which 1s directly con-
nected to the p-type semiconductor substrate.

12. A semiconductor memory device comprising;:

a p-type semiconductor substrate;

an n-type well formed 1n the p-type semiconductor sub-
strate;

a p-type well formed within the n-type well;

a plurality of n-type regions formed in a surface of the
p-type well;

a plurality of storage nodes provided in memory cells,
respectively, and electrically connected to the n-type
regions;

at least one p-type region formed 1n a surface of the p-type
semiconductor substrate;

at least one dummy storage node electrically connected to
said at least one p-type region such that said at least one
dummy storage node 1s located together with the plu-
rality of storage nodes;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node; and

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes, the plate
clectrode being electrically connected to said at least
one dummy storage node.

13. A semiconductor memory device comprising;:

an n-type semiconductor substrate;

a p-type well formed 1n the n-type semiconductor sub-
strate;

an n-type well formed within the p-type well;

a plurality of first p-type regions formed 1n a surface of the
n-type well;

a plurality of storage nodes provided in memory cells,

respectively, and electrically connected to the first
p-type regions;
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at least one second p-type region formed in a surface of
the n-type semiconductor substrate;

at least one dummy storage node electrically connected to
said at least one second p-type region such that said at
least one dummy storage node 1s located together with
the plurality of storage nodes;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node; and

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes, the plate
clectrode being electrically connected to said at least
one dummy storage node.

14. A semiconductor memory device comprising:

a semiconductor substrate;

a plurality of storage nodes provided 1n a memory cell,
and formed on the semiconductor substrate;

at least one dummy storage node formed together with the
plurality of storage nodes, said at least one dummy
storage node being electrically connected to the semi-
conductor substrate;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node;

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes; and

a fuse electrically connected between said plate electrode
and said semiconductor substrate through said at least
onc dummy storage node.

15. The semiconductor memory device according to claim
14, wheremn said at least one dummy storage node 1s
clectrically connected to the semiconductor substrate by at
least one contact which 1s ohmic-connected to the semicon-
ductor substrate.

16. The semiconductor memory device according to claim
14, wherein said at least one dummy storage node 1s
clectrically connected to the semiconductor substrate by at
least one metal contact which forms a Schottky junction
with the semiconductor substrate.

17. The semiconductor memory device according to claim
14, wheremn said at least one dummy storage node 1s
electrically connected to the semiconductor substrate by at
least one metal contact which 1s directly connected to the
semiconductor substrate.

18. The semiconductor memory device according to claim
14, wherein said at one dummy storage node 1s electrically
connected to the semiconductor substrate by at least one
polycrystalline semiconductor contact directly connected to
the semiconductor substrate.

19. A semiconductor memory device comprising:

an n-type semiconductor substrate;

a p-type well formed 1n the n-type semiconductor sub-
strate;

a plurality of first n-type regions formed in the p-type
well;

a plurality of storage nodes provided in memory cells,
respectively, and electrically connected to the first

n-type regions;
at least one second n-type region formed 1n the n-type
semiconductor substrate;

at least one dummy storage node electrically connected to
said at least one second n-type region such that said at
least one dummy storage node 1s together with the
plurality of storage nodes;
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a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node;

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes; and

a fuse electrically connected between said plate electrode
and said at least one dummy storage node.
20. A semiconductor memory device comprising:

a p-type semiconductor substrate;

an n-type well formed 1n the p-type semiconductor sub-
strate;

a plurality of first p-type regions formed 1n a surface of the
n-type well;

a plurality of storage nodes provided in memory cells,
respectively, and electrically connected to the {irst
p-type regions;

at least one second p-type region formed 1n a surface of
the p-type semiconductor substrate;

at least one dummy storage node electrically connected to
said at least one second p-type region such that said at
least one dummy storage node 1s located together with
the plurality of storage nodes;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node;

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes; and

a fuse electrically connected between said plate electrode

and said at least one dummy storage node.

21. The semiconductor memory device according to claim
20, wherein said at least one dummy storage node 1s
clectrically connected to the p-type semiconductor substrate
by a contact which 1s ohmic-connected to the p-type semi-
conductor substrate, with the at least one second p-type
region 1nterposed between said contact and the p-type semi-
conductor substrate.

22. The semiconductor memory device according to claim
20, wherein said at least one dummy storage node 1s
clectrically connected to the p-type semiconductor substrate
by a metal contact forming a Schottky junction with the
p-type semiconductor substrate.

23. The semiconductor memory device according to claim
20, wherein said at least one dummy storage node 1s
clectrically connected to the p-type semiconductor substrate
by a metal contact which 1s directly connected to the p-type
semiconductor substrate.

24. The semiconductor memory device according to claim
20, wherein said at least one dummy storage node 1s
clectrically connected to the p-type semiconductor substrate
by a polycrystalline semiconductor contact which 1s directly
connected to the p-type semiconductor substrate.

25. A semiconductor memory device comprising:

a p-type semiconductor substrate;

an n-type well formed 1n the p-type semiconductor sub-
strate;

a p-type well formed within the n-type well;

a plurality of n-type regions formed in a surface of the
p-type well;

a plurality of storage nodes provided in memory cells,
respectively, and electrically connected to the n-type
regions;

at least one p-type region formed 1n a surface of the p-type
semiconductor substrate;

at least one dummy storage node electrically connected to
said at least one p-type region such that said at least one
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dummy storage node 1s located together with the plu-
rality of storage nodes;

a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node;

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes; and

a fuse electrically connected between said plate electrode
and said semiconductor substrate through said at least
onc dummy storage node.

26. A semiconductor memory device comprising:

an n-type semiconductor substrate;

a p-type well formed 1n the n-type semiconductor sub-
strate;

an n-type well formed within the p-type well;

a plurality of first p-type regions formed 1n a surface of the
n-type well;

a plurality of storage nodes provided in memory cells,
respectively, and electrically connected to the first
p-type regions;

at least one second p-type region formed in a surface of
the n-type semiconductor substrate;

at least one dummy storage node electrically connected to
said at least one second p-type region such that said at
least one dummy storage node 1s located together with
the plurality of storage nodes;
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a dielectric film formed on the plurality of storage nodes,
except for said at least one dummy storage node;

a plate electrode formed on the plurality of storage nodes,
with the dielectric film interposed between the plate
clectrode and the plurality of storage nodes; and

a fuse electrically connected between said plate electrode
and said at least one dummy storage node.

27. A semiconductor memory device comprising:
a semiconductor substrate;

a plurality of storage nodes provided 1n a memory cell and
formed on the semiconductor substrate;

at least one connection, said at least one connection being
clectrically connected to the semiconductor substrate,
said at least one connection including at least one
contact which 1s ohmic-connected to the semiconductor
substrate;

a dielectric film formed on the plurality of storage nodes,
except for said at least one connection;

a plate electrode electrically connected to said at least one
connection; and

a fuse electrically connected between said plate electrode
and said at least one connection.
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